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The choice of the reverse reaction as the basis of a method for the estimation of low enzyme activities is indicated both by equilibrium considerations and by the higher initial reaction rate obtainable under optimum conditions (Kuby and Noltmann, 1962) .
Spectrophotometric methods have been described which depend on the estimation of ATP by coupling its production to NADPH formation through hexokinase and glucose-6-phosphate dehydrogenase (Oliver, 1955; Nielsen and Ludwigsen, 1963; Rosalki, 1966) . Colorimetric methods depending on the estimation of creatine by the diacetyl reaction have been used extensively (Ennor and Rosenberg, 1954; Chappell and Perry, 1954) and Hughes (1962) introduced an improved method for the estimation of serum activity which has been widely adopted. We describe here a simple modification of the Hughes method in which the creatine formed is estimated fluorimetrically. Conn and Davis (1959) investigated the green fluorescence of guanidinium compounds produced by reaction with ninhydrin in strongly alkaline solution. Asymmetrically di-substituted guanidines (creatine; N, N-dimethylguanidine) yielded the highest fluorescence; no fluorescence was given by guanidines lacking a free NH 2 group (creatine phosphate; creatinine). Conn (1960) showed that the reaction could be used for the estimation of creatine in serum; all the creatine but less than 5 %of the arginine in serum appears in a Ba(OHh-ZnS0 4 filtrate. We have found that the yield and stability of the fluorescent product is improved by reacting creatine with an alcoholic solution of ninhydrin in the presence of benzyltrimethyl ammonium hydroxide (BTAH) instead of the aqueous or alcoholic KOH used by Conn. Cysteine, which is added to the incubation mixture to activate serum creatine kinase, does not interfere with the ninhydrin fluorescence reaction (as it does with the diacetyl colour reaction) in Somogyi filtrates.
Results obtained with purified preparations of creatine kinase (En nor and Rosenberg, 1954; Noda, Nihei and Morales, 1960; Cho, Haslett and Jenden, 1960) and our own experiments with serum have shown that Hughes' assay conditions are not optimal. Activity can be increased 28 % by lowering the pH from 7.4 to 6.8, 22 % by the substitution of acetate for sulphate and 18%by the use of Mn++ (2mM) in place of Mg++ (3.5 mM) in a Hughes' incubation mixture. Increasing the concentration of ADP from 1.2 to 2.4 mM produced no significant increase in activity and, more importantly, no extension of the rather limited range of linearity in the enzyme concentration curve. Sax and Moore (1965) and Conn and Anido (1966) have described fluorimetric procedures for the determination of serum creatine kinase. In the latter, near optimum conditions for the reverse reaction are achieved, giving a mean normal activity about twice that of Hughes' method. It was felt, however, that these results did not provide sufficient grounds for altering the assay conditions and thus sacrificing all the information which has been obtained with the Hughes method concerning normal and abnormal values (Hughes, 1962; Kerney and Pennington, 1962; Griffiths, 1963 Griffiths, , 1964 Duma and Siegel, 1965) and its use in the detection of dystrophy carriers (Wilson, Evans and Carter, 1965) .
Activities measured by the fluorimetric method described below agree to within ±5% with those obtained by Hughes' colorimetric procedure. Reagents: Buffer and substrate solutions are prepared according to Hughes (1962) . The stock creatine standard solution contains 1 mg.jml, and is diluted 1 in 20 for use. Ninhydrin (1 % w/v) is dissolved in 95 % ethanol. . This solution keeps for only a few days. Ben-zy1trimethylammonium hydroxide, 40% w/w in water, is obtained from B.D.H. Ltd.
Procedure: Buffer (0.1 ml.), creatine phosphate (0.1 ml.) and serum (0.05 ml.) are equilibrated at 37°. The reaction is started by the addition of ADP (0.1 ml.) and, after incubation for 10 min., stopped by the addition of 0.5 ml. each of 0.15M-Ba (OH)2 and ZnS0 4 (2.5% w/v). After centrifugation 1.0 ml. ninhydrin solution and 0.5 mI. BTAH are added to 0.5 mI. supernatant.
Fluorescence is read after 15 min. at room temperature in a Locarte fluorimeter using a Barr and Stroud 405 mil interference filter on the primary side and Chance OB2 and OY6 filters (peak transmission 495 mil) on the secondary side. A control and a standard in which water or creatine solution (0.1 ml.) is added in place of ADP are treated exactly like tests. Since the fluorescence of the creatine standard is not affected by the presence of creatine phosphate or serum, common standard and reagent blank tubes containing buffer and water ± creatine solution can be used if several specimens are being simultaneously assayed.
